The role of visual pattern adaptation, and learning, in spatial integration was investigated.
Introduction
Overall, our results suggest that the grouping task benefits from an adaptation process 54 that rapidly adjusts the visual system to the statistics of the stimulus orientations. With 55 practice, this adjustment can be made faster. G→deAd→G→Ad→G→deAd→G→Ad→G, where G denotes a grouping block, Ad 141 denotes a 'Diagonal' adaptation block, and deAd denotes a 'Mixed' de-adaptation block.
142
Observers performed both sequences, on different days, starting with either the first 143 sequence or the second sequence, counterbalanced between observers. Overall, each observer performed 1040 grouping trials (10 blocks × 13 dh-dv differences × 8 trials per 145 difference) and 1600 adaptation/de-adaptation trials. Overall, the observers performed 3240 trials (10 blocks × 12 dh-dv differences × 9 trials 158 per difference × 3 noise levels).
159
Modeling the external noise: Testing human sensitivity to external noise allows one to 160 characterize the limiting properties of task performance, arising from internal and 161 external noise (Lu & Dosher, 1999; Nagaraja, 1964 Fig. 2 ).
210
The discrimination threshold was defined as the standard deviation of the normal 211 distribution fitted to the produced psychometric functions (see Methods). respectively). In addition, the first threshold measured on each day was significantly
218
higher than the threshold of the last training block of the previous day (2.5±0.6, p<0.01; in the first day (1st day: 7.9±0.7, 2nd day: 7.9±0.8, p=1.0, 3rd day: 7.0±0.9, p=0.5, 232 mean±SEM, paired t-test), the threshold of the second block in these days was 
260
Experiment 2: Adaptation/de-adaptation
261
Here we set out to test the hypothesis that the transient within-day improvement obtained 262 in the grouping task was due to task-independent, exposure based, sensory adaptation. Here we tested the performance in the task while adding different levels of external noise 325 to the stimuli. Figure 6A and 6B display the average discrimination threshold (across 326 observers) for each testing block and noise level, for the 'lower noise' group and the 327 'higher noise' group, respectively. 
337
The effects of experimental manipulations on threshold were evaluated using a repeated noise' group (F(1,6) = 93.6, p< 0.01, F(1,5) = 3.7, p =0.1, the 'lower noise' group and the 348 'higher noise' group, respectively).
349
In order to test the effect of learning in the task, we ran an ANOVA with only the 350 thresholds of the first day (day1) and the last day (day 5), separately for the thresholds at =0.001, F(1,5) = 0.03, p =0.9, the 'lower noise' group and the 'higher noise' group, 363 respectively). This was clearly seen on the 2 nd day (Fig. 6A) , where noise levels 0 and 1 364 at the start of day 2 are back to the starting level of the first day.
365
To compare the performances of the groups, we added to the repeated measures
366
ANOVAs the between-subject factor of group type ('lower noise' group or 'higher noise' 367 group). The only significant differences between the groups were the improvements In order to better explore the factors that could contribute to the changes between the 381 groups' thresholds, we fitted the thresholds (using data from both 'lower' and 'higher' integration and a significantly higher internal noise at the end of the sessions (Fig. 7) . In 468 accordance, the adaptation effects of within-session improvements and between-session 469 deteriorations were significantly reduced in the 'higher noise' group (Fig. 6) . 3, the first three sessions) or were only partially retained (the fourth and fifth sessions).
480
Failure to retain the within-session gains was also apparent in the repeated re-emergence orientation). Thus, the deterioration effect was specific to the orientation of the stimuli.
492
These results can be related to studies that tested the effects of adaptation on orientation differing by 45° were interleaved, attributing the effect to differences in orientation-498 specific adaptation.
499
Previous studies used external noise to explore the factors that contribute to the learning 500 of a perceptual task (Lu & Dosher, 2008) . Most relevant to our study is a study by Li, Here we performed the same ANOVA analyzes as described in the results section of noise' group, respectively).
638 Table 2 summarizes the statistical results for the external noise experiment (analysis on 639 the whole data).
640 Table 2 . Statistical results for the external noise experiment. Analysis was performed on the whole 641 data. *P < 0.05, **P < 0.01, ***P < 0.001
642
Factor 'lower noise' group 'higher noise' group External Noise ***
